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Background

In the past few years high resolution, remotely sensed radar and laser-derived digita
elevation modds (DEMs) have moved from a promising technology to a primary means
of base data development. The Shuttle Radar Topography Mission (SRTM), flownin
early 2000, has yidded terrain data across much of the globe NASA (2005). Far higher
resolution data (sub 3 meter horizontal resolution) has been collected from laser sensors
callecting datavia LIDAR (light detection and ranging) mounted in aircraft (Sapeta,
2000); some of thisdatais publicdly available viathe internet. Due to its high spatid
resolution, relaively inexpensve production cost, and rapid processing, it is anticipated
that much or dl of the United States will be covered by high resolution DEMs derived
from this technology within a decade (see eg. FEMA, 2005).

Digita eevation models are a primary input source for developing and parameterizing a
range of hydrologic modeing applications (Hutchinson & Galant, 1999; Mooreet dl.,
1991). The implications for modding erosion and sediment load are profound, since the
gpatia resolution of this datais an order of magnitude finer than the best available for
much of the country, including Michigan. In theory, this should lead to tremendous
improvements in our ability to determine key spatid hydrologica parameters like flow
vectors, which in turn should enable a high degree of precison in specifying the
dynamics of trangport in surface water flow.

However, important questions remain. No DEM iswithout error, and it is not
graightforward to trandate a data quality report into a clear understanding of how data
error will affect agiven application (Heuvdink et d., 1989). Studiesinto specific DEM
products have revealed numerous problems (eg. Bolstad & Stowe, 1994), and terrain
derivative datasets critical for surface hydrology applications are known to be highly
sendtive to scae factors and error (Garbrecht & Starks, 1995; Zhang & Montgomery,
1994). How well do LIDAR-derived DEMs depict terrain derivatives important for
water-related gpplications? Are these products truly “bare-earth”, meaning that they
depict the way that water flows acrossit, or are they affected by vegetation and human
congtructions? Perhaps most importantly, will the low relief typical of Michigan
watersheds confound sediment trangport modeling applications, even employing high
resolution, high accuracy DEMS? Recent research has begun to consider these questions
(Raber, 2003), but clear answers have not emerged.



Project Objectives

In light of these important questions, we proposed to conduct a comparative sudy to
evduate the utility of LIDAR-derived DEMs for hydrologic modeling applications.
Specificdly, we wished to accomplish the following objectives:

1. Review recent literature on LIDAR DEM generation and quality
2. ldentify and obtain high-resolution (sub-5 meter) LIDAR DEM data
3. Conduct a Gl S-based hydrologic study and compare results using LiDAR and
conventiona medium-resolution products
4. Evduae spatid resolution effects & production artifacts
5. Communicate findings via
1. aweb presence
2. maor conference
3. paper in an appropriate journal

Per sonnel

Dr. Ashton Shortridge, an assstant professor in the Department of Geography, wrote the
origind proposd, served as principd investigator. Mr. Chris Barber, a graduate student in
the Forestry Department, worked as a graduate research assistant on this grant. Ingtitute
of Water Research staff and scientists supplied critical space, equipment, support, and
suggestions.

Accomplishments

1. Literature Review

LiDAR DEM research is highly multidisciplinary, and results appear in diverse outlets.
The firgt few months of the project were spent developing a bibliography of reevant
work from this body of work, and preparing atechnical report on results to date, along
with some preliminary findings. Thistechnica report, published in the Ingtitute of Water
Research series as WR-1 2004, is entitled, Light Detection and Ranging (LiDAR) -
Derived Elevation Data for Surface Hydrology Applications. The report is available
online.

2. Obtaining high resolution LIDAR DEM data
We had origindly intended to identify a study areaiin Michigan with LIDAR and
conventional sources. While consderable LiDAR dataexigts for the state, most of it isfor
areasimmediately adjacent to the Great Lakes. Since the focus of this project ison
watershed modeling, this was not adequate for our needs. We looked & sewhere and
identified three free, publically available sources:

1. Puget Sound, Washington (from USGS, 2005)

2. North Carolina (North Carolina, 2005)

3. Louisana (CADGIS, 2005)

We evaluated dl three and settled on two watersheds in eastern North Carolinafor
subsequent research. These study regions were chosen due to their smilarity to

topography in Michigan. USGS 7.5-series DEM data were obtained for these watersheds
in addition to the LiDAR data. Details about the study region and the available data are
included in the papers.



3. Comparative Gl S-based hydrological modeling study

We conducted an intensve analys's on elevation data for the two watershed study regions
in North Carolina. Thiswork involved the caculation of many critica hydrologic
parameters, like dope, flow direction, upstream contributing area, and basin delineation
Full results are reported in Barber & Shortridge (2005a).

4. Evaluate spatial resolution effects & production artifacts

This became the primary focus of the research. We found that, in comparison with
conventiona medium resolution DEM products, LiDAR data methods produced
grikingly different results for certain hydrologic operations, such as basin ddlinestion, in
aress of low relief. Cdl resolution aone did not explain this effect. Other operations were
much more robust to the source of elevation or the resolution. A higher relief watershed
showed only moderate sengtivity to basn ddineation, indicating that these effects are
very much dependent on the geography of the region in question. At the sametime,
postprocessing conducted by the producers of the North Carolina DEM data appeared to
have successfully resolved potentid artifacts like bridges and culverts. Full results are
reported in Barber & Shortridge (2005a).

5. Communicate findings

We presented two brown-bag luncheon presentations at the Ingtitute of Water Research
on the campus of Michigan State Univeraty. Thefirg of these, held in fal 2004,
provided areview of the sources, production, strengths, and potential weaknesses of
LiDAR-derived digital elevation data. The second of these, held in spring of 2005,
documented our findings.

We published atechnical report (Barber & Shortridge, 2004) that provided areview of
LiDAR-based DEM data production methods, data characteristics, and applications. The
report dso indicated the potentid of LIDAR data for hydrologic applications, but
identified potentid pitfalstoits use.

An abgiract submitted to Autocarto 2005, alongstanding, prestigious international
conference in geographic information science with a selective peer reviewed gpplication
process, was accepted for afull paper. We wrote the paper, which was published in the
conference proceedings (Barber & Shortridge, 2005b). Chris Barber presented the paper
in Las Vegas a the conference in March of 2005. Ours was one of a subset of papers
from that conference that were invited for submission to a specid issue of Computers and
Geographic Information Science (CaGlS), an internaiond journa with high standing in
thefield (Barber & Shortridge, 2005a). This manuscript, reworked extensively after the
conference, is currently (late May, 2005) under review.

Opportunitiesand Challenges

Thereisno such thing as asandard LiDAR DEM. The find product isthe result of a
series of processing decisons, and its qudity isafunction of many factors. The Louisana
product mentioned previoudy in this report is subject to 'damming’ artifacts, asit is
essentialy a straightforward surface model. Fegtures such as bridges and culverts were
not accounted for in postprocessing. As aresult, standard hydrologic operations such as
caculating flow directions can produce substantia ‘ponded’ areas. In contrast, the North
Carolina product was edited with the use of USGS stream line data to remove such



features. This data was not subject to damming artifacts. Information about
postprocessing decisions should be vital components of metadata for LIDAR DEMs; how
to incorporate this seamlesdy in spatid anadys's such as hydrologic modding

gpplications remains an important research question.

We never quite got around to running a sediment transport model on these data. We
decided againg this because anayzing the sengtivity of terrain and derivatives like dope
seemed most important. The addition of more varigbles for the sediment modd (e.g. soll
information) would have obscured the role of the topographic inputs and the sengtivity of
elevation to resolution. The manuscript under review a CaGI S covers this materid in
detail; we have amuch better understanding now of the role of these factors. One clear
next sep isto implement the RUSLE-based sediment model in a comparative andyss.

A profound issue for the production and dissemination of national eevation datawas
identified in this study. This issue concerns the USGS Nationd Elevation Data (NED)
product, which combines data from different sources to produce the seamless product
(USGS, 2005). In this research, we found substantia discrepanciesin basin delinestion

for the low-lying topography of the Neuse watershed. These discrepancies appear ed to
be related to the sour ce of the elevation data, and were not moderated by resampling to
30 meters. The effect of data conflation in NED on sendtive derivatives like basin

ddlinegtion is unclear but potentidly sgnificant. We advise researchers to consder the

NED metadata carefully to determine if multiple sources have been mosaicked for their
study regions, and suggest that further study is warranted on thisissue.
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